This paper mainly discusses the sedimentary facies and coal accumulation of the Badaowan Formation and Xishanyao Formation in Toksun coalfield, TurpanHami Basin. Based on drill and well logging data, fan-delta facies, delta facies, lacustrine facies, swamp facies and flood plain facies were identified. Sangonghe Group and Xishanyao Group were the coal accumulating periods during the Early-Middle Jurassic, including three subgroups: Badaowan, Early Xishanyao and Late Xishanyao groups. The coal-accumulating patterns were different because of the different coal accumulating environments. The stable, simple structure and thick coal seams were formed in the meandering stream plain of the Late Xishanyao Formation.
INTRODUCTION
The sedimentary environment during coal formation is one of key controls on the coal accumulation, and many researchers have reported that the coal seams formed in different sedimentary environment, such as seashore with barriers, fluvial, delta and lacustrine and so on, have different features Arditto, 1991; Bulter et al., 1988; Diessel et al. 2000; Diessel, 1992; Flint et al., 1995; Hamilton and Tadros, 1994; Petersen et al., 1998; Ryer, 1988; Walker, 1990; Sun et al., 1998; 2002; Sun, 2003; Lin and Tian, 2011) . Turpan-Hami Basin is a large coal-accumulated basin in Xinjiang Uygur Autonomous Region, northwestern China (Fig. 1) . The Toksun coalfield is the most important area in the basin because its unique tectonopaleogeography background (Liu et al., 2011) . A lot of geologists have been paying great attention to the area, because the resources of it are abundant in reserves, especially the coal, gas and oil (Hendrix et al., 1992; 1995; Posamentier and Allen, 1993; Zhang et al., 1997; He et al., 2004; Zhang et al., 2008a) . The tectonic evolution, petroleum system and provenance analysis of the Toksun area have been studied in detail. By contrast, the sedimentary environment on the coal accumulation in this coalfield is rarely discussed (Shao et al., 2009; Wu et al., 1995; Zhang et al., 2008b; Lü et al., 2008) . Based on the data about drillings, loggings and outcrops, this paper studied the sedimentary facies and coal accumulation of the Badaowan Formation and Xishanyao Formation in Toksun coalfield, Turpan-Hami Basin.
GEOLOGICAL SETTING
The Toksun coalfield is located in the northwestern of Turpan-Hami Basin which is a large intermountainous basin, and it is about 150 kilometers long, 5.50 -19.5 kilometers wide and covering an area of 1961 square kilometers (Fig. 1) . From the Kerjian in the west to the Qiquanhu in the east, three smaller separated coalfields are distributed in Toksun (Wu and Xu, 2004; He et al., 2004; Liu et al., 2011) .
The coal-bearing strata are the Badaowan Formation, Sangonghe Formation and Xishanyao Formation of the Lower-Middle Jurassic in Toksun coalfield, and they are mainly composed of terrigenous clastic about 2000 meters thick (Shao et al., 2009; Qin et al., 2004; Zhang et al., 1997) . The Badaowan Formation is composed of conglomerates and coarse-grained sandstones, interbeded with find grained sandstones and siltstones, and intercalated with thick coal seams. The thickness changes from 250 to 460 m, with an average about 307 m, and it becomes thicker and thicker from the east to west. The total thickness of the minable coal seams is 1.50 -29.48 m, the average is around 15.49 m. It is thicker, and the coal quality is higher of western Tokesun than those of eastern. The Xishanyao Formation, the main coal-bearing strata, is composed of offwhite-greyish-green sandstones, grey mudstone, and carbon mudstone, interbeded with lenticular siderite, ferruginous sandstone and grey-tuff. From the bottom to top, the grain size is becoming smaller and smaller, and the thickness changes from 731 m to 903 m (Shao et al., 2006; 2009; Wu, 1995; Li and Shao, 2004) .
SEDIMENTARY FACIES
The research of sedimentary facies is an important foundational work for the exploration and evaluation of coal basins (Shao et al., 2006; 2009; Diessel et al., 2000; Diessel, 1992; Flint et al., 1995; Hamilton and Tadros, 1994; Petersen et al., 1998; Sun et al., 2010) . Fan-delta facies, delta facies, lacustrine facies, swamp facies and flood plain facies were identified based on drill data and well logging data in Toksun coalfield.
Fan-delta facies
Fan delta sedimentary system was usually deposited along the margin and developed down the slope of the basin. It can be formed when the alluvial fan rushes out of the valley and juts into the shallow lake directly. And it composes by the combination of conglomerate, sand-conglomerate, sandstone and mudstone interbed. So, the characteristic of the sediment distribution is that the sediment of the alluvial fan and lacustrine are combined alternately both in the plain and section. The fan deltaic body can be divided into three subfacies, named fan delta plain, fan delta front and pro-fan delta based on the main facies markers (Fig. 2 ).
Delta facies 3.2.1. Delta plain subfacies
The delta plain is the onshore sedimentary part of the delta, and usually starts with a large number of the bifurcations of the river, beyond the shoreline or at the lake level. Along the distributary channels of delta plain, many microfacies can be identified, such as natural levee, crevasse splay, swamp, lake and interdistributary bay. The natural levee and crevasse splay are often distributed both side of the distributary channel, however, the others are usually located between the distributary channels. The delta plain subfacies were mainly developed in the strata of Xishanyao Formation and Badaowan Formation in Toksun coalfield, consisted of distributary channels microfacies and interdistributary bay microfacies, and it was usually located in the margin of sag. Flood plain and land distributary channel were the most widespread microfacies on the delta plain. The main rock types are mauve and brownish yellow mudstone or silty mudstone which is formed in oxidation environment of the flood plain. The distributary channel is the framework of the delta plain, and is consisted of greywhite and grayish fine-sandstone, siltstone or silty mudstone. Plate and trough crossbedding are common, and parallel bedding, massive bedding and wavy bedding can be formed sometimes in the sedimentary body of distributary channel. Moreover, filling and scouring structures are usually developed on the underside of the sandstone, and some plant or a few bios fragments can be found at the bottom of sedimentary body.
Delta front subfacies
Delta front is the underwater part of the delta, located between the sea (or lake) plain and the wave base, and it usually zonally distributes the leading edge of the distributary channel. It is the most active sedimentary center on the delta, because the sediment such as sand and mud from the river can be quickly deposited here once they leave the estuary into the lake. Meanwhile, these sand and mud can form well sorted and pure sandy sediments after winnowed and redistribution cause by rivers, wave and tidal, and they are the high quality reservoir. There are four microfacies, named distributary channel, distributary mouth bar, distal bar and underwater distributary bay, are mainly developed here (Fig. 3) .
Lacustrine facies
Shore-shallow lacustrine subfacies and semi-deep lake subfacies are developed in Toksun coalfield, and their main sedimentary characteristics are described below.
Shore-shallow lacustrine subfacies
Shore lacustrine subfacies is located between the shoreline of rain and dry season, flooded and exposed alternately, and belongs to strong hydrodynamic conditions and oxidizing environment. The sediments are consisted of sand, mud and peat; the main types of sedimentary structures are the water cross-bedding and ripple marks. Besides, the peat swamp is well developed. Shallow lacustrine subfacies is located in the zone between the lowest water level of dry season and normal wave base, in other words, it is always underwater. Because of disturbance of the waves and lake flow, the organisms are very prosperous. Then the bioclastic beach can be formed after the organisms died and deposited. The main types of rock are light-gray, greyish-green mudstone and sandstone.
Semi-deep lake subfacies
It is located the scope of between the normal wave and storm wave, under weak reduction-reduction environment. The dark mudstone, shale and silty mudstone are made up the sedimentary body. Moreover, it is rich in fossils. Besides, siderite and pyrite often exist. Sometimes fine-wave bedding, storm deposits and gravity flow deposits are also developed in this subfacies.
Swamp facies
Plenty of coal seams are usually deposited in swamp facies. Three types of swamp subfacies, river-swamp, marginal-deltaic-swamp and lacustrine-swamp, are well developed in Toksun coalfield. The river-swamp subfacies is located on the flood plain. And it has dual-texture, and the coal seam can be deposited in the upper texture. The arginal-deltaic-swamp subfacies is formed under damp climate and located in the land plain of delta. And it usually deposited in the upper of positive cycle sequence in delta plain. The lacustrine-swamp subfacies is a very important coal-bearing strata that is located in the low-energy littoral and shallow lake or bays and formed under damp climate. Mudstone and carbonaceous mudstone with multi-layer seam are made up the sedimentary body. The characteristics of the well-log is that low GR and high resistance of coal seam but high GR and low resistance of mudstone (Fig. 4) . 
COAL-ACCUMULATING PATTERNS
Sedimentary environments, such as lithofacies-palaeogeography, paleogeomorphic, paleovegetation, swamp type, hydrologic environment and geochemistry, are the key factors for coal accumulating (Nemecw, 1988; Cross, 1988; Hou et al., 1997; Holz, 2002; Shao et al., 2006; 2009; Li, 2011; Liu et al., 2011; Deng and Sun, 2011; Ma et al., 2012) . The Sangonghe Group and Xishanyao Group were the coal accumulating periods during The Early-Middle Jurassic, including three subgroups: Badaowan, Early Xishanyao and Late Xishanyao.
Badaowan Formation
Coal accumulations mainly occurred in synsedimentary graben fault sags at east and west margins of the basin during this period. The coal-rich zones are located in Aiweiergou and Keerjian, the western of the basin. The coal-accumulating pattern is different because of the different coal accumulating environment.
Margin of alluvial fan
This coal forming environments are usually located in the zones of Keerjian and Yuergou. It is mostly flat, and the sediment is consisted of fine clastic material. Besides, the underground water level was high. So, the plant was abundant, and the coal can be formed after the plant died and deposited. The coal seam was becoming thin, splitting and wedge-out gradually towards to the gravel deposited area of alluvial fan influenced by the differences in terrain of alluvial fan plain. Furthermore, the accumulation space is confined to the narrow margin of the alluvial fan and transformed with the movement of the sedimentary body of the alluvial fan. The coal seams are very thick but poor stability.
Braided river bar and interfluve depression
This coal forming environments are usually developed in the front of the fans or interlobes located in the zones of Keerjian and Aiweiergou. The coal seams are thinner and more stable than those in margin of alluvial fan.
Abandoned alluvial fan
This coal forming environment is usually located in the zones of Keerjian Depression. Due to the alluvial fans large-scale move forward, so that the terrain differences within the depression is becoming small, then peneplain can be developed. And the coal will be accumulated in the peat swamp on the peneplain when the fan atrophies. The coal seams are stable, simple structure.
Anastomosed stream plain
In the early Badaowan Formation, this coal forming environment was located in the east margin of the Keerjian Depression, near the Zhaohequan Uplift. Because the peat swamps of interfluve depression were very narrow, the coal seams were thin and unstable. For example, the No. 1-2 coal seams are local minable in the Keerjian Mine. In the late Badaowan Formation, the fault depressions were planation of the west and east margins of the basin. And the broad flat anastomosed stream plain were developed, the peat swamps were vast and lasting. So, the coal seams were very sable. For instance, the No. 3 coal seam was widely distributed of Keerjian Mine, even reached to Aiweiergou and Yuergou areas.
Early Xishanyao Formation
Although the paleotectonic framework was still separated, the coal accumulated space was enlarging with the trend of the basin being unified. And the coal accumulations were mainly developed in braided river, meandering stream overbank, river bend, and flood plain in Turpan, Hami, and Qiatekaersu depressions. Besides, the coal swamps were also developed in near-shore lake and river delta.
Near-shore lake and river delta
It was the first time of this type coal forming environment was appeared in Toksun coalfield after the lake silted in the Sangonghe Formation. The 5-0 and 5-1 Coal seams were formed in the strata which were deposited in the near-shore lake and river delta environments at the bottom of the Xishanyao Formation in the northern of Keerjian depression. Although the coalseams were very thin, they showed that the coal accumulating was began of the Early Xishanyao Formation.
Meandering stream plain
The peat swamps were developed from the disappeared lakes of Sangonghe Formation. The coal accumulations were mainly took place in the depressions of the flood plain both sides of the main stream and the peat swamps of backshore. For example, the 5-2 and 5-3 Coalseams in Keerjian Mine and Honghuicao Coalseam in Qiquanhu Mine and Bage Mine were formed in this coal accumulating environment. The migration and crevasse of the channel were usually took place because of the frequent pulsatile tectonic activity of the earthcrust. As a result, the development of the peat swamp was usually interrupted by the change of coal accumulating environment or side flow, and then the coal seam texture was complex.
Piedmont braided river plain
The coal accumulation were mainly took place in interchannels and bays of piedmont braided rivers. The coal seams were very unstable and scoured serious by the limited of the coal accumulating environment. Such as there were lots of coal seams at the bottom of the Xishanyao Formation, but they all were local-minable in Aiweiergou Mine.
Late Xishanyao Formation
It was the most important coal accumulated period in Toksun Coalfield. During this time the tectonic activity was slow sustained subsidence, so the basin was covered by sediments completely and a unified vast coal accumulating environment was formed. Different kinds of environments, such as meandering stream plain, anastomosed stream plain around uplift, lake shore and stagnant depression, were developed. Due to the stable tectonic activity, the good coal-forming conditions were maintained a long time, and then the rich coal belts were formed. 466 Sedimentary facies and coal-accumulation of the Early-Middle Jurassic in Toksun coalfield Northwestern China
Meandering stream plain
The coal accumulating environment was developed on basic of meandering stream plain of the Early Xishanyao Formation, and the peat swamps were located in point bar and backshore. The thickness of coal seam was proportional to the structure and thickness of the sand stratum deposited on the paleoriver by profile correlation of faces and thickness analyzed of coal-bearing strata of the Xishanyao Formation in Taoshuyuan and Qiquanhu. The structure was simple and the thickness was lager of the upper sand strata, so the coal seams were stable and thick. However, the sedimentary cycles were in large amounts, the structure was complex and the thickness was small of the lower sand strata, so the coal seams were unstable and thin. It can be concluded that the coal accumulations were controlled by the stability of the paleoriver. The upper of coal-bearing strata of the paleoriver was more stable than the lower, which indicates that the sedimentary environment was more stable of the upper than those of the lower.
Lake shore
The peat swamps were mainly developed in adjacent zones of the center basin and the entrance of the rivers in this coal accumulating environment. The developments of the peat swamps were very unstable by the influence of the seasonal swing of the lake shoreline. As a result, the coal seams were unstable. For example, the coal seams were lenticular and wandering, even more some coal seams were unminable in Dushanlianmuqin Mine and Qiketaixiaoquan Mine.
CONCLUSIONS
Based on drill and well logging data, five sedimentary facies have been identified: fandelta facies, delta facies, lacustrine facies, swamp facies and flood plain facies of the Early-Middle Jurassic coal-bearing statra in Toksun coalfield, Northwest China. Coal accumulations mainly occurred in synsedimentary graben fault sags at east and west margins of the basin during Badaowan Formation and the coal-rich zones were located in Aiweiergou and Keerjian, the western of the basin. The coal accumulations were mainly developed in the braided river, meandering stream overbank, river bend, and flood plain in Turpan, Hami and Qiatekaersu depressions in the Early Xishanyao Formation. Due to the stable tectonic activity, the good coal-forming conditions were maintained a long time, and then the rich coal belts were formed in the Late Xishanyao Formation.
